This study was carried out to clarify the influence of incomplete bile duct obstruction (IBDO) on the occurrence and proliferation of cholangiocarcinoma and to evaluate the effect of release of IBDO at an early stage, using 175 Syrian golden hamsters. These hamsters received 500mg/kg body weight of diisopropanolnitrosamine (DIPN) once weekly for 10 weeks, and then were divided into 3 groups, consisting of the simple laparotomy group (SL group), the IBDO group and 2 week IBDO group, in which IBDO was released after 2 weeks. The occurrence rates of cholangiocarcinoma at 20 weeks were 42% in the SL group, 76% in the IBDO group and 30% in the 2 week IBDO group. The mean numbers of tumors per hamster in the IBDO group were significantly greater than those in other groups (p < 0.05). Both occurrence rates and numbers of tumors in the 2 week IBDO group were similar to those in the SL group. The proliferation of bile ductules and isolation of bacteria from bile in the IBDO group had higher rates at 15, 20 weeks than those found in the other groups. These results suggest that IBDO has an influence, as promoter, on the occurrence of cholangiocarcinoma induced by DIPN, and the disappearance of its promoting effect is caused by release of the obstruction.
INTRODUCTION
The occurrence of cholangiocarcinoma in the liver has been observed during the follow-up of patients with hepato-biliary diseases accompanying morphological abnormality in the intra-or extrahepatic bile duct, and including intrahepatic stone disease 1-3. Bile stasis and cholangitis caused by incomplete or complete bile duct obstruction are recognized commonly in these diseases. There is an inferred relationship between these clinical features and the occurrence of cholangiocarcinoma. Yamamoto 4 reported that in rats with obstruction of the choledochus, proliferation of bile ductules was an important factor in the occurrence of cholangiocarcinoma induced by diethylnitrosamine (DENA). Kinami et al. administered diisopropanolnitrosamine (DIPN) to hamsters with incomplete bile duct obstruction (IBDO), and observed the promoting effect of IBDO on the occurrence of cholangiocarcinoma. These investigations reveal that obstruction of the bile duct is an important factor in the occurrence of cholangiocarcinoma, and simultaneously suggest its clinical significance in the release of bile duct obstruction at an early stage. This study was carried out to clarify experimentally these observations.
MATERIALS AND METHODS
One hundred and seventy male 8-week-old Syrian golden hamsters were used.
These animals were kept under standardized conditions (room temperature, 23 +_ 5C; humidity, 60 _+ 20%), and received MM-3 pellet diet (Funabashi Co.) and water ad libitum. As a carcinogen, 500mg/kg body weight (10ml/kg) of DIPN ,l'okyo Chemical Co.) in saline was administered subcutaneously to all hamsters once weekly for 10 weeks. At 10 weeks, these hamsters underwent procedures as follows, and were divided into 3 groups. Forty hamsters underwent a simple laparotomy (SL) as a sham operation after being anesthetized by intraabdominal injection of 50 mg sodium pentobarbital/kg body weight, and were named the 'SL group'. Using the same anesthetic, 65 hamsters underwent IBDO by means of ligation of the choledochus adjacent to the pancreas, using 6-0 catgut. These were named the 'IBDO group'. Forty-five hamsters underwent IBDO by means of loose ligation of the choledochus in order to avoid complete obstruction, using 7-0 silk. After 2 weeks, the knot was untied and the silk removed to release the obstruction.
These hamsteres were named the '2 week IBDO group'. Some hamsters dropped out due to various causes over the 20 week period, so that 36 of the 'SL group', 54 of the 'IBDO group' and 35 of the '2 week IBDO group' were evaluated. In addition, 6 hamsters before and another six hamsters 10 weeks after the beginning of DIPN administration were used to examine the serum bilirubin and alkaline phosphatase, or bacteria in the bile.
The hamsters in each group were sacrificed 12, 15 and 20 weeks after the beginning of DIPN administration, in order to perform the various examinations. After collecting the bile, a mixture of barium sulfate and gelatin was infused into the choledochus of 15 hamsters in each group, and the liver was removed and fixed in 10% formalin. Then, cholangiography was carried out using softex photography to investigate the condition of the bile duct. Thirty-six hamsters of the SL group, 54 of the IBDO group and 35 of the 2 week IBDO group wre used to examine the histological changes in the liver. The liver fixed with formalin was sliced at 3 mm intervals. Each slice was embedded in paraffin, and sectioned at 7 . The sections were stained with hematoxylin and eosin, and then examined under light microscopy. Histological changes in the intrahepatic bile duct, occurrence rates, number per hamster and maximum diameter of cholangiocarcinoma were studied in hamsters of each group.
The bilirubin and alkaline phosphatase levels in serum and the isolation rates of bacteria from bile were determined. The biochemical determination was performed in 18 hamsters of each group. The bacteriological examination was carried out in 25 hamsters of the SL group, 28 of the IBDO group and 27 of the 2 week IBDO group. Blood taken from the inferior vena cava was centrifuged for 15 min at 3000 rpm, and the serum was obtained. The determinations of bilirubin and alkaline phosphatase levels were performed using an autoanalyzer (736-type, Hitachi Co.). In the SL and 2 week IBDO group, a cannula was inserted into the choledochus, and the bile was collected by natural flow. In the IBDO group, the dilated choledochus was punctured, and the bile was absorbed. To detect bacteria in the bile, an EG agar plate (Eiken Chemical Co.) was used, and the culture was carried out at 37C for 48 hours. A GasPak (R) system (BBL) was used to incubate anaerobes. The identification of bacteria was performed using gram stain and the vitek system (VITEK). Histological changes in the intrahepatic bile duct were seen in hamsters of each group. The proliferation of bile ductules, including cystic formation, goblet cell metaplasia and papillary hyperplasia of the bile duct epithelium were the main benign changes in the liver (Figure 2 b-d). The occurrence rates of proliferation of bile ductules or cystic bile ductules at 15 and 20 weeks in the IBDO group were higher than those in the other groups, but there was no significant difference ( Table  1 ). The occurrence rates of goblet cell metaplasia or papillary hyperplasia in this group were also higher than those in the other groups, but there was no significant difference. In the 2 week IBDO group, the occurrrence rates of these histological changes after release of obstruction were similar to those in the SL group. 
Occurrence and proliferation of cholangiocarcinoma
The occurrence rates of cholangiocarcinoma at 15 and 20 weeks in the IBDO group were 64% and 76% respectively, and were higher than those in the other groups (Table 2 ). There was a significant difference in the occurrence rate at 15 weeks between the SL and IBDO groups (p < 0.05). The occurrence rates at respective weeks in the 2 week IBDO group were similar to those in the SL group. (Table 3) . 4. Changes in serum bilirubin and alkaline phosphatase As shown in Table 4 , the serum bilirubin levels in the SL group were constant over a 20 week period, while those in the other groups were elevated after incomplete obstruction of the choledochus. In the 2 week IBDO group, the levels were reduced following release of obstruction. The serum alkaline phosphatase levels in all groups were elevated after beginning of DIPN administration. The levels in the SL group were constant 10 week later, but those in the IBDO group were elevated still further. The levels in the 2 week IBDO group were reduced following release of obstruction, and were similar to those in the SL group at 20 weeks.
Isolation rates of bacteria from bile
Bacteria were not detected in the bile of the SL group throughout the whole course, but were detected in the bile of 2 groups receiving IBDO after 12 weeks ( 10 weeks, and its influence on the occurrence of cholangiocarcinoma was examined. Also, the effect of the release of obstruction at an early stage on carcinogenesis was also evaluated.
Ligation of the choledochus, using a silk or nylon thread, was generally performed as a means of bile duct obstruction4. The single ligation method of the choledochus using 6-0 catgut, making it possible to maintain the IBDO for a long term, and a loose ligation method using 7-0 silk were used in this study. The latter method performed in the 2 week IBDO group was beneficial because of the 2 weeks long maintenance of the IBDO and removal of the ligated silk. Cholangiography proved that these methods were suitable for the purpose of this study.
Pour et al. 12 observed the occurrence of hemangioendothelioma, angiosarcoma and hepatoma, in addition to cholangioma and cholangiocarcinoma, in the liver of hamsters administered 2, 2'-dihydroxy-di-n-propylnitrosamine dissolved in olive oil. In a similar examination, Kajikawa et al. 14 reported a hamster in which not only adenoma and cholangiocarcinoma, but also hemangioendothelioma was induced. On the contrary, our results revealed no other neoplasm, except proliferation of bile ductules and cholangiocarcinoma, in the liver of hamsters receiving DIPN dissolved in saline. Yamamoto 4 mentioned that the lesion of bile ductules proliferation acted as an important factor in the occurrence of cholangiocarcinoma in rats treated with DENA. In our examination on hamsters with DIPN, it was assumed that the changes in the epithelium of proliferated ductules were related to the occurrence of cholangiocarcinoma, because an increased number of bile ductules were seen around carinoma lesions. On the other hand, although the ductule proliferation and changes in the bile duct epithelium were mainly based on DIPN administration, our results indicated that the IBDO had a promoting effect on these pathological changes; these changes in the IBDO group occurred at higher rates than those in other groups. On the other hand, the occurrence rates of these pathological changes in the 2 week IBDO group after release of obstruction were similar to those in the SL group. Accordingly, this finding revealed that the effect of release of the obstruction could be seen histologically.
The occurrence rates for cholangiocarcinoma at 15 and 20 weeks in the IBDO group were higher than those in the SL and 2 week IBD.O group; besides, these rates were higher than those seen in the literature1'3. The numbers of tumors per hamster in the IBDO group were significantly large, compared with those in other groups. Regarding the tumor size, tumors in the IBDO group were larger than those in other groups, but there was no significant difference. These findings show the promoting effect of IBDO on the occurrence and proliferation of cholangiocarcinoma and the absence of its effect in hamsters with IBDO for a short term.
As seen in the SL group, serum bilirubin levels did not change throughout the whole course, but serum alkaline phosphatase levels were elevated after beginning DIPN administration. It is presumed that the latter changes are caused by the carcinogen, and are related to the histological changes in intrahepatic bile ducts. Both levels were elevated after IBDO, but were reduced following its release. It is inferred that bacterial infection occurs in the bile with stasis caused by bile duct obstruction, and then, the conversion from primary to secondary bile acid is promoted4'15. However, our examination performed previously did not reveal an increase in secondary bile acid in the infected bile of hamsters with IBDO. The most important observation made by Kinami et al. is that if biliary obstruction is released after only two weeks, tumor growth is returned to baseline levels. This finding needs to be further explored to determine whether a critical period exists beyond which the effects of obstruction cannot be reversed. The reversible effect of biliary obstruction on tumor growth in this model is also of interest because of the lack of effect of relief of obstruction in clinical studies of operative morbidity and mortality. These differing results may be explained, however, by differences in the effects of 1) internal versus external biliary drainage, 2) partial versus complete obstruction, and 3) short versus long periods of obstruction.
Another interesting question raised, but not answered, by-this study is whether bacterial infection of the biliary system also plays a procarcinogenic effect. Each of the clinical situations associated with prolonged bile stasis and an increased incidence of cholangiocarcinoma are also associated with bactibilia and recurrent episodes of cholangitis. In the present study the incidence of bactibilia closely paralleled the occurrence of cholangiocarcinoma. Interesting further studies in which the incidence and growth of cholangiocarcinoma could be monitored would explore the effect of 1) introducing bacteria into the biliary system at the time of partial bile duct ligation or 2) treating the animals with antibiotics. Again, the
